elderly, 1, 6 is that identifying organ dysfunction preoperatively helps guide patient and physician decision making and reduces complications postoperatively because the planning and execution of anesthetic, surgical, and postoperative care can be modified accordingly.
The brain, which is arguably the organ of greatest importance for informed decision making and good functional recovery, is unique among critical organ systems in having no formal preoperative assessment. In elders about to have surgery, there are several reasons to believe it should be. First, cognitive impairment is common in this age group. In the United States, 5% to 10% of persons older than 65 years have dementia; if one includes mild cognitive impairment (MCI) and dementia, the prevalence of cognitive impairment increases to 35% to 50% in those older than 65 years. Second, a substantial fraction of this cognitive impairment, particularly at the MCI level, goes undetected. [7] [8] [9] Third, age is an inadequate surrogate for likely cognitive impairment because there is considerable heterogeneity in cognitive abilities within and across age groups. Fourth, cognitive complications such as delirium and postoperative cognitive dysfunction are among the most common morbidities in geriatric surgical patients, affecting 20%-80% and 12-15%, respectively, with preexisting cognitive impairment being a risk factor for both conditions and a predictor and/or modifier of postoperative outcomes. [3] [4] [5] [10] [11] [12] Therefore, it seems apparent that preoperative cognitive screening of the geriatric surgical population might offer many benefits.
The problem, however, is that standard neuropsychologic test batteries, and even many standard bedside screening tests such as the Mini Mental Status Examination are too BACKGROUND: Preexisting cognitive impairment is emerging as a predictor of poor postoperative outcomes in seniors. We hypothesized that preoperative cognitive screening can be performed in a busy preadmission evaluation center and that cognitive impairment is prevalent in elective geriatric surgical patients. METHODS: We approached 311 patients aged 65 years and older presenting for preoperative evaluation before elective surgery in a prospective, observational, single-center study. Fortyeight patients were ineligible, and 63 declined. The remaining 200 were randomly assigned to the Mini-Cog (N =100) or Clock-in-the-Box [CIB; N = 100)] test. Study staff administered the test in a quiet room, and 2 investigators scored the tests independently. Probable cognitive impairment was defined as a Mini-Cog ≤ 2 or a CIB ≤ 5. RESULTS: The age of consenting patients was 73.7 ± 6.4 (mean ± SD) years. There were no significant differences between patients randomly assigned to the Mini-Cog and CIB test in age, weight, gender, education, ASA physical status, or Charlston Index. Overall, 23% of patients met criteria for probable cognitive impairment, and prevalence was virtually identical regardless of the test used; 22% screened with the Mini-Cog and 23% screened with the CIB scored as having probable cognitive impairment (P = 1.0 by χ 2 analysis). Both tests had good interrater reliability (Krippendroff α = 0.86 [0.72-0.93] for Mini-Cog and 1 1 for CIB). CONCLUSIONS: Preoperative cognitive screening is feasible in most geriatric elective surgical patients and reveals a substantial prevalence of probable cognitive impairment in this population. (Anesth Analg 2016;123:186-92) time consuming to be practical in a preoperative evaluation clinic, where daily visit volume is high, and each patient often needs evaluation of multiple organ systems. The challenge, therefore, is to identify a cognitive assessment instrument that is brief, easily administered and scored, and has high interrater reliability. Several such instruments designed for use in primary care or population-based research might have utility in this setting. Accordingly, we designed a prospective observational study of elective surgical patients older than 65 years to determine: (1) whether preoperative cognitive screening of older surgical patients can be performed in a busy preoperative evaluation clinic; (2) the proportion of patients older than 65 years who perform poorly on a cognitive screening test before surgery; and (3) whether patients older than 65 years would want cognitive screening before a surgical procedure. For this purpose, we randomly assigned patients to the Mini-Cog or the Clock-in-the-Box (CIB) tests. These 2 cognitive assessment tools have been validated in other settings, take only a few minutes to complete, 11, [13] [14] [15] [16] and were chosen deliberately for simplicity and potential for widespread adoption.
METHODS
This prospective observational study was approved by the Partners Human Research Committee, also known as the Partners Institutional Review Board. Between June 16, 2013, and July 31, 2013, study staff members approached 311 patients aged 65 years and older who presented for preoperative evaluation at the Weiner Center for Preoperative Evaluation at the Brigham and Women's Hospital to obtain written informed consent for study participation. All eligible patients were identified from the Weiner Center for Preoperative Evaluation tracking system on the day before surgery. Exclusion criteria included a previous diagnosis of dementia noted on the patient chart or reported to the investigator by the patient or a surrogate; planned postoperative intensive care unit stay; history of stroke or brain tumor; uncorrected vision or hearing impairment (unable to see pictures or read or hear instructions); limited use of the dominant hand (limited ability to draw); and/or inability to speak, read, or understand English. From those who consented and enrolled, we gathered information from the medical record about age, weight, gender, highest level of education, ASA physical status, Charlson Comorbidity Index (not corrected for age), metabolic equivalent of task, planned admission type (same day admission versus day surgery), and the presence of an advanced directive.
Patients enrolled in the study were asked to complete a survey about their perceptions of preoperative cognitive screening ( Table 1 ). They were then randomly assigned to cognitive assessment with either the Mini-Cog (N = 100) or the CIB (N = 100) test. Both tests are brief and were designed for primary care but have been used in surgical settings, involve clock drawing, have minimal education and cultural/language bias, and are validated in community samples against standardized cognitive measures. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Study staff administered the test in a quiet examination room in the clinic. The Mini-Cog involves a 3-item recall test for memory and a clock drawing test that serves as a distractor; it tests visuospatial representation, recall, and executive function and has a sensitivity and specificity for the detection of dementia of 0.91 and 0.86, respectively. 11, 13, 14, 22, 23 The CIB also involves a clock drawing test but includes no formal item recall; instead, it tests working memory and planning/organization. 16, 19 The CIB also correlates with other tests of cognitive function. 16, 19 Both tests take just 2 to 4 minutes to complete. Two trained, blinded investigators scored each test independently; a third investigator scored the test in the event of a disagreement to determine the final score. Investigators were trained to grade the tests by reviewing information easily accessed via the Internet (www.alz.org/ for the Mini-Cog; http://www.heartbrain. com/cib/ for the CIB) and scored the tests accordingly, with the Mini-Cog graded on a 0 to 5 scale and the CIB on a 0 to 8 scale. We defined probable cognitive impairment as a score ≤2 on the Mini-Cog or ≤5 on the CIB based on the published validity data. 13, 16 Finally, answers from the nursing intake form filled out on the day of surgery to 3 binary questions related to nervous system function were recorded (alert and oriented ×7, speech clear and understandable, and follows commands) for each patient.
Univariate analysis was performed to compare the baseline characteristics of patients randomly assigned to the 2 cognitive assessment instruments with the Wilcoxon Rank Sum Test for ordinal variables and χ 2 or Fisher exact test for categorical variables. Krippendroff α (KA) were calculated using "kripp.alpha" function in "irr" package in R software (https://cran.r-project.org/web/packages/irr/irr.pdf) to evaluate the agreement between the 2 initial raters for each of the 2 cognitive tests. The confidence intervals of KA were calculated using a bootstrapping method by random sampling the data points with replacement.
We used a modified Poisson regression to examine the association between the potential predictors and the Mini-Cog and CIB scores on a risk ratio scale. For all analyses, a 2-sided P value of ≤0.05 was considered statistically significant. All statistical analyses were performed with SPSS version 22 (IBM SPSS Statistics, Armonk, NY) and SAS 9.3 (SAS Institute, Cary, NC).
RESULTS
Of the 311 patients approached, 48 (15%) were ineligible because of language, hearing or visual impairment, or a known cognitive deficit. Of the remaining 263 eligible patients, 63 did not want to participate in the study, for a recruitment rate of 76% (Fig. 1 ). The mean age of the 200 consenting patients was 73.7 ± 6.4 (mean ± SD) years. After completion of the patient survey, 2 patients randomly assigned to the Mini-Cog test asked to be removed from the study and were not included in the analysis. The randomization was successful: there were no significant differences between patients randomly assigned to the Mini-Cog or CIB test in age, weight, gender, metabolic equivalent of task (a marker of functional activity level), Charlson Comorbidity Index, ASA physical status, highest education level achieved, presence of an advanced directive, or admission type (Table 2) . Similarly, none of these variables was a risk factor for a low score on the Mini-Cog test ( Table 3) although advanced age was a risk factor of a low score on the CIB (Table 4) .
Likewise, there were no statistically significant differences in the response to the patient survey between those randomly assigned to the Mini-Cog or the CIB test, and the survey indicated that patients supported cognitive screening ( Table 5 ).
The Mini-Cog and CIB tests were, as expected, simple to administer. The prevalence of poor performance based on our prespecified cutoffs was virtually identical in this population regardless of the test used; 22% screened with the Mini-Cog and 23% screened with the CIB scored as having cognitive impairment (P =1.0 by χ 2 analysis). In contrast, impairment was nearly always missed on the standard nursing intake interview; all but 1 patient with a Mini-Cog or CIB score below our cutoff was judged to be intact (99% false negative rate for unstructured interaction). Finally, agreement between the raters was good for both the Mini-Cog and CIB tests, with KA of 0.86 (0.73-0.93) and 1, 1 respectively.
DISCUSSION
This study demonstrates that preoperative cognitive screening can be performed in a busy preadmission testing center and is accepted by most older adults. Moreover, the data show that many geriatric elective surgical patients do poorly on cognitive screening tests preoperatively. Specifically, 23% of patients aged 65 years and older scored in a range that suggests probable cognitive impairment. Our cutoffs were selected to identify with reasonable sensitivity and specificity the level of impairment of individuals who might present for a memory evaluation with MCI or dementia. 13, 16 Thus, many if not most of these individuals are likely to have meaningful impairment, although a far more extensive evaluation would be required to make a formal diagnosis. These results are consistent with the reported prevalence of cognitive impairment among communitydwelling elders 9 and those in clinical settings (e.g., patients aged 65 years and older presenting to an emergency department or having elective surgery with planned admission to the intensive care unit 11, 24, 25 ). We enrolled a diverse group of geriatric elective surgical patients and executed the tests during the visit to the preoperative evaluation clinic, so our results are probably generalizable to a broad group of older patients without known dementia presenting for elective noncardiac, nonneurosurgic surgery.
Previous work in primary care shows clinically relevant cognitive impairment, as defined by a formal neurologic/neuropsychologic/geriatric evaluation, is missed in 27% to 82% of affected patients during unstructured clinical interaction and that a brief, structured cognitive assessment tool identifies such impairment better than spontaneous detection by a patient's own primary care physician. [26] [27] [28] [29] Likewise, only 1 of our patients with low cognitive scores was judged by the intake nurse to be cognitively impaired although on the screening tests 23% scored in a range that suggests probable cognitive impairment (patients with a chart diagnosis of dementia were excluded from the study). Although we do not have a "gold standard" and are aware that some of those identified as probably impaired are likely to be normal, our findings that the prevalence of probable impairment in this cohort is similar to that of other community and clinically based studies and that impairment is seldom noted by medical staff strongly suggest that current preoperative evaluation practices are insufficient. As such, cognitive impairment will continue to go undetected and unappreciated in geriatric surgical patients without structured cognitive screening.
The Mini-Cog and CIB tests were easy to administer and detected a similar prevalence of low scoring persons in this population. This is not surprising because the tests are similar in several respects. Both tests are brief and were designed and tested for primary care but have been used in surgical settings. 14, [16] [17] [18] [19] [20] Both involve clock drawing, but the Mini-Cog adds a 3-item recall component. In the Mini-Cog, the clock is drawn free-style, whereas in the CIB, the patient is directed to place the clock in 1 of 4 differently colored boxes. Both have minimal education and cultural/language bias. Performance on these brief tests predicts performance on validated standardized cognitive measures, 13, 15, 16, 21, 22 although this relationship has not been studied when the screening tests are administered in a surgical setting. Both tests have good reported interrater reliability 16, 21 and good reliability in our hands. Although the interrater reliability of scoring was similar, the CIB was subjectively judged to require more time and be more difficult to score despite significant training.
More important than whether preoperative cognitive screening is practical is whether it is useful. Herein, the evidence is mostly circumstantial. 10 Cognitive impairment is a risk factor for adverse life events and hospitalization, 27, [30] [31] [32] so cognitive screening may change the cost-benefit calculus of surgery by helping identify those least likely to benefit from the procedure. Failure to recognize the problem could lead to suboptimal outcomes in a surgical setting if patients cannot recall what is expected of them preoperatively or postoperatively in terms of medication regimens, activity restrictions, wound care, and rehabilitation, and one cannot rely on routine clinical interactions to detect cognitive impairment or even frank dementia. 14, 23, [27] [28] [29] Poor preoperative cognitive function may predispose to the subtle and long-lasting executive dysfunction that many seniors experience postoperatively, because the persistent changes are independent of the specific anesthetic or surgical procedure. [33] [34] [35] Finally, recent evidence indicates that poor cognitive status increases complication risk, undermines the chance of a good outcome, and adds to the cost of care. In-hospital delirium is a prime example; it occurs in 15% to 80% of older surgical patients, contributes to poor outcomes, and is more common in those with baseline cognitive impairment. [36] [37] [38] [39] Likewise, preexisting cognitive impairment is strongly associated with serious noncognitive morbidity and mortality in hospitalized seniors and those having major elective surgery. 11, 12, 25, [40] [41] [42] Therefore, one can conceptualize cognitive impairment as a form of www.anesthesia-analgesia.org aNesthesia & aNalgesia brain failure that, like heart failure, arises from multiple causes but may lead independently to poor outcomes. However, whether cognition-specific information can be used to improve geriatric surgical outcomes is unknown but the feasibility of preoperative cognitive screening might stimulate work to address that question. In addition, cognitive screening with a short test such as the Mini-Cog or CIB might be an appealing alternative to the 45-min National Institutes of Health Cognitive Toolbox (www. nihtoolbox.org) for pragmatic clinical trials investigating ways to improve cognitive outcomes of surgery such as by multicomponent geriatric consultation or bispectral indexguided anesthetic management. 43 This study has several important limitations. One is that neither the Mini-Cog nor the CIB can diagnose dementia or MCI. However, we did not choose them for that purpose, because our objective was to identify a cognitive screening tool that could be implemented in a high-throughput presurgical evaluation clinic. Our data show that both the Mini-Cog and the CIB have good interrater reliability and are inexpensive, brief, require minimal training, and demand no special personnel or technology. Still, we cannot exclude the possibility that other brief instruments could work as well or better in the presurgical setting. 14, 26, 27, [44] [45] [46] [47] As screening instruments, the Mini-Cog and CIB will inevitably yield false positives and negatives. Someone falsely labeled as impaired may elect to forgo elective surgery for fear of having cognitive impairment afterward but those who proceed will likely just receive increased vigilance (e.g., geriatric consultation, more careful monitoring during anesthesia, joint discharge instructions) and those with undetected impairment will be no worse off than our patients are currently. Along these lines, our survey data indicate that subjects found cognitive screening before surgery acceptable but we did not consult an expert in survey design so cannot exclude the possibility of bias in the survey questions. Another issue is that the stress of being in the preoperative evaluation center could confound performance of seniors on the cognitive screening tests. However, few things are as stressful as surgery and hospitalization. Testing in a busy environment may therefore reveal more about the likely response to surgery and hospitalization than testing done in the quiet, controlled, artificial confines of neuropsychology laboratory. Perhaps the main limitation is that this study provides no evidence for the clinical utility of screening with the Mini-Cog or CIB test preoperatively. This is a critical issue because cognitive screening requires time and can be troubling to older adults. 48, 49 However, emerging evidence linking poor cognition with medical-surgical and functional morbidity in seniors 11, 20, 41, 50, 51 provides ample reason to study the question further.
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